Various types of polyaza macrocyclic complexes have been prepared and investigated. Especially, structurally reinforced polyaza macrocyclic compounds, in which one or two pairs of nitrogen atoms are linked together by an additional -(CH 2 ) n -bridge, have attracted considerable attention because of their wide range of chemical properties. [1] [2] [3] [4] [5] [6] In general, chemical properties of such compounds are strongly influenced by the nature, number, and position of the additional bridging group(s).
Metal-template condensation reactions involving amines and formaldehyde have been used for the preparation of polyaza macrocyclic compounds containing N-CH 2 -N linkages. [4] [5] [6] [7] [8] [9] [10] [11] Recently, the 15-membered hexaaza macrocyclic complexes [Cu(1a)]
2+

, [Cu(1b)]
2+ , and [Cu(1c)] 2+ containing one additional N-(CH 2 ) 2 -N bridge and one N-alkyl pendant arm have been prepared by the reaction (Eq. (1)) of formaldehyde with three different amines in the presence of the metal ion. 6 The copper(II) complexes are known to be decomposed in low pH, like other 15-membered polyaza macrocyclic copper(II) complexes such as [Cu (2) 
2+ . 12 However, interestingly, the decomposition rate of [Cu(1a)] 2+ is ca. 10 2 times slower than that of [Cu(2)]
2+
, but is ca. 10 times faster than that of [Cu(1c)]
. 6 This indicates that chemical properties of such complexes can be affected by the additional N-(CH 2 ) 2 -N bridge and the nature of N-alkyl pendant arms. Until now, relatively few examples of structurally reinforced 15-membered polyaza macrocyclic complexes have been prepared and investigated.
4-6 Therefore, we have been interested in the synthesis and chemical properties of various types of 15-membered macrocyclic complexes bearing N-alkyl pendant arm(s).
In this work, we prepared [Cu(3a)]
, [Cu(3b)]
, and [Cu(3c)]
2+ from the metal-template condensation of Eq. (2). Although the pentaaza macrobicycles 3a-3c resemble 1a-1c, the position of the additional -(CH 2 ) 2 -bridge is different. In the complexes of 3a-3c, two coordinated nitrogen atoms are connected by the additional -(CH 2 ) 2 -bridge. ). The wavelengths of the d-d band for the complexes of 3a-3c are ca. 15 nm longer than those for the complexes of 1a-1c. This corresponds to the generally observed trend that the stepwise alkylation on coordinated amino groups of a polyaza macrocyclic complex weakens the ligand field strength; 13, 14 in the complexes of 3a-3c, two coordinated nitrogen atoms are linked together by an additional ethylene bridge. It is also seen that the molar absorption coefficients for the complexes of 3a-3c (190-250 M ). This may indicate the more distorted structure of the former complexes containing additional -(CH 2 ) 2 -bridge that links two coordinated nitrogen atoms. Table 2 , along with those reported for the copper(II) complexes of 1a-1c.
The k value (Table 2 ) decreases in the order of [Cu(3a)]
), supporting the suggestion that their decomposition rates are strongly influenced by the bulkiness of the N-alkyl pendant arm, even though the alkyl group is attached to the uncoordinated nitrogen atom. 6 The , respectively, in spite of the fact that the former complexes exhibit somewhat weaker ligand field strength than the latter ones. This implicates that the rate is not directly influenced by the strength of the Cu-N interactions, but is largely affected by the position of the additional N-CH 2 CH 2 -N linkage. According the "Bstrain", 15 coordinated tertiary amino groups in a macrocyclic complex are expected to exhibit weaker proton affinity than Notes coordinated secondary amino groups. Furthermore, the proton affinity of the tertiary nitrogen atoms in the 1,4-diazacyclohexane ring (3a) may be weaker than that in the 1,3-diazacyclopentane ring (1a). 4, 5, 15 Therefore, the slow decomposition of the copper(II) complexes of 3a-3c is attributed in part to the relatively weak proton affinity of two coordinated tertiary amino groups that are linked together by the additional -(CH 2 ) 2 -bridge.
Most interestingly, the decomposition rates of the dinuclear bis(macrocyclic) complexes [Cu 2 (4) . This can be attributed to the topologically constrained structure of the ligand and the bulkiness of the N-substituent that restrict the protonation of the coordinated amino groups.
Summary
The dinuclear bis(macrocyclic) complexes [Cu 2 (4)] 4+ and [Cu 2 (5)]
4+ as well as the mononuclear copper(II) complexes of 3a-3c can be prepared by the metal-template condensation involving 1,4-bis(3-aminopropyl)piperazine and formaldehyde. This work supports the suggestion that their decomposition reaction rates in acidic aqueous solutions are strongly influenced by the steric factors of the N-alkyl groups, even though the alkyl groups are attached to the uncoordinated nitrogen atoms. 6 This work also shows that the ligand field strength and chemical properties of the copper(II) complexes are strongly influenced by the position of the additional -(CH 2 ) 2 -linkage. 
